Background: The link between psychosocial stress and cognitive function is complex, and previous studies have indicated that it may be mediated by processing speed. Therefore, the main aim of this study was to examine whether processing speed mediates the association between psychosocial stress and global cognition in older adults. Moreover, the moderating role of gender in this model is examined as well. Methods: The study included 2322 community-dwelling older adults in Malaysia who were randomly selected through a multistage proportional cluster random sampling technique. Global cognition construct was measured by the Mini-Mental State Examination and Montreal Cognitive Assessment; psychosocial stress construct was measured by perceived stress, depression, loneliness, and neuroticism; and processing speed was assessed by the Digit Symbol Substitution Test. Structural equation modelling was used to analyze the mediation and moderation tests. Results: Processing speed was found to partially mediate the relationship between psychosocial stress and global cognition (β in the direct model = −0.15, P < 0.001; β in the full mediation model = −0.11, P < 0.001). Moreover, the relationship between psychosocial stress and global cognition was found to be significant in men only, whereas the association between processing speed and global cognition was significant in men and women. Conclusions: Psychosocial stress may increase the likelihood that older adults will experience poor processing capacity, which could reduce their higher level cognition. Results indicate that there is a need to develop processing capacity intervention programmes for psychologically distressed older adults to prevent them from suffering cognitive decline.
INTRODUCTION
Cognitive function is important in determining successful ageing. Many ageing studies have included cognitive function, which is under the physiological construct as one of the operational definitions of successful ageing. 1 One recent longitudinal study reported that higher cognitive function in old age is associated with less perceived stress, less physical illness, and greater happiness. 2 The issue of cognitive dysfunction in old age has grown in importance globally for several reasons. For instance, the prevalence of mild cognitive impairment, Alzheimer's disease, and dementia is increasing along with the ageing population. 3 Also, cognitive impairment in old age is associated with another serious mental health problem-namely, depression. 4 A recent cross-sectional study showed that psychosocial stress negatively predicted cognitive function in the older Malaysian adults. 5 Moreover, cohort studies demonstrated that individual components of psychosocial stress, including perceived stress,
Aside from psychosocial stress, information processing speed also has been identified as an important predictor of cognitive function. Processing speed refers to the time needed to process a stimulus, prepare a response, and deliver the response; it is important for everyday functioning. 11, 12 Processing speed could be considered a resource, and deficits in other higher-order cognitive functions could be explained in terms of a general slowing of information processing. 13 Combined data from six intervention studies concluded that processing speed training programmes were effective in improving overall cognitive function and everyday abilities of older adults. 14 Moreover, several longitudinal studies have suggested that processing speed accounts for significant proportions of cognitive decline experienced by older adults over time. 15, 16 There are gender differences in mental health issues among older adults. First, multiple studies concluded that the prevalence of depression is substantially higher in older women than in old men. 17, 18 After adjustment for other demographic characteristics, women also had a higher likelihood of transitioning from non-depressed to depressed and a lower likelihood of transitioning from depressed to nondepressed or death. 18 In terms of cognitive function, older women in developing countries often experience poorer cognition. 19, 20 Poor mental health, especially among older women in developing countries, has been attributed to limited access to education and other cognitive resources, 21, 22 as well as to deprivation with regard to socioeconomic, health, and social resources. 20, 23 Growing evidence indicates that psychosocial stress and processing speed are valuable predictors of cognitive function. However, few studies have examined how psychosocial stress and processing speed work together in accounting for variation in cognitive function among community-dwelling older adults. There is evidence to consider a mediation model in which psychosocial stress influences cognitive function through processing speed. For example, an experimental study proved that depression and anxiety are negatively associated with processing speed. 24 Moreover, evidence indicates that psychosocial stress is related to the slowing of information processing speed in both younger and older populations. 25, 26 Additionally, the link between depression and cognitive impairment is mediated by decreased working memory and processing speed in depressed older adults. 26 However, the literature is limited on the mediator between psychosocial stress and cognitive function among community-dwelling older adults. Based on the evidence, it is plausible that psychosocial stress may compromise processing capacity, and responses to this change could affect higher level cognition. The main purpose of the current study was to examine whether processing speed mediates the association between psychosocial stress and global cognition in community-dwelling older adults. Therefore, three hypotheses were tested in the mediation analysis 27 : 1 There is a negative relationship between psychosocial stress and global cognition. 2 There is a positive relationship between processing speed and global cognition. 3 Processing speed mediates the relationship between psychosocial stress and global cognition. This study also examined the moderating role of gender on the hypothesized model for two reasons. Firstly, there are gender differences in mental health issues among older adults. Secondly, women tend to live longer than men, and as cognitive impairment becomes more common with age, more women develop the condition. Consequently, examining the moderating effect of gender on the hypothesized model could provide information to policymakers about what specific interventions could be implemented to prevent older women from experiencing cognitive impairment. Thus, a fourth hypothesis was tested: 1 Gender moderates the relationship between psychosocial stress, processing speed, and global cognition.
METHODS
Design, participants, and procedure The data presented in this paper were drawn from the Malaysian national survey entitled 'Identifying Psychosocial and Identifying Economic Risk Factor of Cognitive Impairment among Elderly'. In brief, this study was a cross-sectional survey that was administered in face-to-face interviews of community-dwelling residents aged 60 years or older in Peninsular Malaysia. A multistage proportional cluster random sampling technique was used to obtain a representative sample of the Malaysian population. The detailed methodology of this study has been published elsewhere. 5 MMSE consists of 11 items that assess the cognitive domains of visuospatial skills, language, concentration, working memory, memory recall, and orientation; it has a maximum score of 30. The MoCA assesses the cognitive domains of visuospatial skills, executive functions, language, attention, concentration, working memory, memory recall, and orientation; it also has a maximum score of 30. A higher score indicates a higher level of cognitive function for both assessments.
Psychosocial stress (independent variable) Four indicator variables-stress, depression, loneliness, and neuroticism-were included to represent the latent psychosocial stress variable. A previous study that used these four indicator variables to represent psychosocial stress construct was published elsewhere. 5 Perceived stress was measured by the four-item Perceived Stress Scale. 30 The scale includes two negatively worded items; each of the four items asks respondents their feelings and thoughts during last month and is rated on a 5-point Likert scale (range: 0-4). A higher score indicates a higher level of perceived stress. Overall, this scale demonstrated acceptable internal consistency in the present study (Cronbach's α = 0.62). Depression was assessed by the 15-item Geriatric Depression Scale, 31 with scores ranging from 0 to 15. For the present study, the 15-item Geriatric Depression Scale showed acceptable internal consistency (Cronbach's α = 0.66). Loneliness was assessed by the three-item loneliness scale. 32 This scale consists of three items; each item asks respondents how often they feel they lack companionship, are left out, and are isolated from others. It is rated on a 3-point Likert scale (range: 1-3). A higher score indicates a higher level of loneliness. Overall, this scale demonstrated high internal consistency (Cronbach's α = 0.93). Neuroticism was measured by the short-form revised Eysenck Personality Questionnaire. 33 This questionnaire contains items from several domains, but we used only items from the neuroticism domain.
The neuroticism domain consists of 12 items that require a 'yes' or 'no' response. A high score indicates high neuroticism trait. Overall, this scale demonstrated high internal consistency (Cronbach's α = 0.89).
Information processing speed (mediator)
The Digit Symbol Substitution Test (DSST), which was adapted from the Wechsler Adult Intelligence Scale, was used to measure processing speed. 34 DSST consists of digit-symbol pairs followed by a list of digits. Under each digit, the subject is supposed to write the corresponding symbol as fast as possible. A large but reasonable number of digits and symbols were printed in the questionnaire. Respondents were allowed to wear spectacles during the test, and those respondents with the severe visual impairments were excluded from the test. A higher DSST score indicates faster processing speed. Several studies using DSST to assess processing speed have been published elsewhere.
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Control variables (sociodemographic and economic characteristics) Several sociodemographic characteristics, including age, sex, marital status, years of education, and household income were controlled. Sex was dummy-coded as male = 0 (reference category) and female = 1.
Marital status was dichotomized as married = 0 (reference point) and not married = 1 (single, divorced, separated, or widowed). Age, years of education, and household income were treated as non-categorical (continuous) data.
Statistical analysis
Statistical analyses were performed using SPSS version 15.0 (IBM, Chicago, Illinois, USA) and Analysis of Moment Structures Graphics version 7.0 (IBM, Chicago, Illinois, USA). First, descriptive analysis, bivariate correlation, and comparisons of study variables across gender were analyzed. Then, confirmatory factor analysis was conducted to examine the fitness of the measurement model. Next, the mediation test was analyzed by multi-model analysis, while the moderation test was analyzed by a multi-group modelling technique. The mediation and moderation tests were examined separately. Control variables were free to correlate with each other and with psychosocial stress, but their effects were held constant on processing speed and global cognition. Model fitness was examined by evaluating the fit indices from absolute fit, incremental fit, and parsimonious fit categories. 38 Root mean square error of approximation (RMSEA) and goodness of fit index (GFI) were used to evaluate the absolute fit, whereas the comparative fit index (CFI) and Tucker-Lewis index (TLI) were used to evaluate the incremental fit.
Relative χ 2 Chi-square/Degree of freedom (CMIN/DF) was the index to evaluate the parsimonious fit. CFI, GFI, and TLI values of 0.95 or above, an RMSEA value of 0.08 or below, and a CMIN/DF of 5.0 or below are indicative of an adequate model fit.
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We used all available participants in the analysis. The missing data ranged from 1.4% to 12.2%. One researcher suggested 20% as the cut-off for an acceptable level of missing data, 41 especially in a huge dataset because a missing rate of 15-20% was common in psychological studies. 42 When data are missing, it is essential to determine whether the resultant dataset has adequate statistical power to detect the effects of interest and the pattern of missingness. 43 Both statistical power and the pattern of missingness relate to the potential biasing impact on the data. As the pattern of missingness was completely random, multiple imputation was used to handle the missing data. 43 Multiple imputation is a modern imputation technique that helps to retain the maximum amount of possible statistical power. 43 Multivariate normality and linearity were evaluated before further analysis. After a logarithmic transformation of perceived stress, depression, and neuroticism, as well as inverse transformation of the loneliness, assumptions regarding multivariate normality were met. 44 As shown in Table 1 , global cognition (MMSE and MoCA) was significantly associated with all the other measures. In addition, men scored significantly higher on global cognition and the DSST, whereas women scored significantly higher on all the psychosocial stress measurements (Table 2) .
RESULTS

Measurement model
The measurement model included psychosocial stress and global cognition as latent variables. The measurement model depicted good fit indices (CMIN/DF = 2.480, CFI = 0.996, TLI = 0.991, GFI = 0.998, RMSEA = 0.025), which indicated that the construct validity was achieved. All measures significantly loaded onto psychosocial stress (β = 0.14-0.42, P < 0.01 for all) and global cognition (β = 0.88-0.89, P < 0.001 for all) indicated that the convergent validity was achieved. The data fit hypothesized measurement model and all measures that represented the four latent variables were highly reliable. Moreover, the correlation coefficient between latent variables was −0.56, indicating that the discriminant validity of the latent factors was achieved.
Structural model
This model included control variables, psychosocial stress, and processing speed as exogenous variables, while global cognition as an endogenous variable. The structural model depicted good fit indices (CMIN/DF = 2.259, CFI = 0.995, TLI = 0.987, GFI = 0.996, RMSEA = 0.023) As shown in Table 3 , all control variables were significantly associated with global cognition; of most interest, psychosocial stress (β = −0.10, P = 0.002) was negatively associated with global cognition, while processing speed (β = 0.34, P < 0.001) was positively associated with global cognition in older adults. These variables explained 54.4% of variance (R 2 = 0.544) in global cognition.
The findings indicated that the control variables, psychosocial stress, and processing speed were valuable predictors of global cognition.
Mediation test of information processing speed
The model included control variables and psychosocial stress as independent variables; global cognition as the dependent variable; and processing speed as the mediator. Multi-model analysis was used for testing mediation effect. 27 If the relationship between the exogenous variable and endogenous variable is zero when the mediator is included, full mediation is established. However, if the relationship between the exogenous variable and the endogenous variable is reduced and still significant when the mediator is included, partial mediation is established. 45 Initially, a nested model comparison of the level of goodnessof-fit between the full mediation and indirect models is necessary. 46 The full mediation model must be better than the indirect model in order to establish a mediation effect in the overall model. 27 The full mediation model showed CMIN/DF = 2.722, CFI = 0.992, TLI = 0.982, GFI = 0.994, and RMSEA = 0.027, and the indirect model showed CMIN/DF = 3.078, CFI = 0.990, TLI = 0.978, GFI = 0.994, and RMSEA = 0.030. Although both models fit the data according to nested model comparisons, the full mediation model was significantly better than the indirect model. This was because the full mediation model had a smaller Akaike Information Correction than the indirect model (176.929 vs 187.250), and the full mediation model had a larger parsimony normed fit index than the indirect model (0.434 vs 0.433). Thus, processing speed mediated the relationship between psychosocial stress and global cognition.
The direct model showed that psychosocial stress negatively predicted global cognition (β = −0.15, P < 0.001). In the full mediation model, after information processing speed was added as a mediator, psychosocial stress still negatively predicted global cognition (β = −0.11, P < 0.001) (Fig. 1) . However, the relationship in the mediation model was reduced, indicating that the processing speed partially mediated the relationship between psychosocial stress and global cognition.
Moderation test of gender
Firstly, the unconstrained model was compared with the measurement residuals model to determine if the unconstrained model was better than the measurement model. If the unconstrained model was better, then there was a possible moderation effect of gender on the overall model. Next, the significance of individual paths was examined. The path was moderated by gender the following circumstances: (i) β for group 1 (Men) was significant, β in group 2 (Women) was not significant; and (ii) β for both groups was significant. However, one was positive, while the other was negative.
The comparison between the unconstrained model (CMIN/DF = 2.083, RMSEA = 0.022, GFI = 0.992, TLI = 0.977, CFI = 0.990) and the measurement residuals model (CMIN/DF = 7.950, RMSEA = 0.055, GFI = 0.951, TLI = 0.855, CFI = 0.881) were significant, but the unconstrained model was better because the CMIN/DF was smaller. 46 According to the measurement residuals model (CMIN = 615.469, DF = 42, P < 0.001) in the assuming model unconstrained to be correct, the findings showed that the impact of likely differences across gender was significant. As shown in Table 4 , the relationship between psychosocial stress and global cognition was significant in men (β = −0.12, P = 0.016) but not in women (β = −0.09, P = 0.051). Therefore, the moderating effect of gender on this path was supported. However, the association between processing speed and global cognition was significant in both men (β = 0.39, P < 0.001) and women (β = 0.31, P < 0.001). Therefore, the moderating effect of gender on this path was not supported.
DISCUSSION
The main aim of this study was to empirically test the hypothesis that processing speed may be a mediator in the relationship between psychosocial stress and cognitive function.
The finding from hypothesis 1 was similar to a cross-sectional study in Taiwan in which researchers found a negative association between psychosocial stress and cognitive function among communitydwelling older adults. 47 The negative association may be partially due to the smaller hippocampal subfield volumes caused by prolonged exposure to stress, and it remained unchanged after individuals with clinically significant symptoms of depression were removed. 48 Moreover, researchers proposed that unconstructive repetitive thought was the mediator between stress and cognitive function. 49 In the long term, it caused dysregulation of hypothalamic-pituitary-adrenal axis function and inflammation, which accelerated cognitive decline. 49 The results support the need to include psychosocial assessment in cognitive impairment screenings for older adults. Next, the finding from hypothesis 2 is in good agreement with another longitudinal study, which showed that faster processing speed was strongly associated with higher performance in spatial and memory measures. 50 The assessment of global cognition involved several complex cognitive tasks, which required a great deal of cognitive resources. 13 Slow information processing speed can account for a large proportion of the age-related variance in a variety of cognitive tasks, and it has been argued that processing speed is a cognitive primitive that affects more complex cognitive function. 51 Hypothesis 3 was partially supported by the results showing that information processing speed partially mediated the relationship between psychosocial stress and global cognition; this indicated that high psychosocial stress may alter processing capacity, and these interactions may alter the higher order cognition in old age. Generally, the results concur with a previous study that showed that processing speed was decreased in older depressed patients, and this decrease in resources appeared to mediate impairments in several areas of neuropsychological functioning. 26 Several possible explanations explain the link between stress and processing speed based on psychological and biological perspectives. Firstly, older adults with psychosocial stress often spend too many processing resources on negative thoughts, leaving fewer resources available for task-relevant processing. 52 Secondly, biological problems caused by psychosocial stress, such as dopaminergic dysfunction and neuropathology, 53, 54 may alter their processing capacity. Because processing speed only partially mediated the association between psychosocial stress and cognitive function, future research should therefore consider other mediators so that the link between psychosocial stress and cognitive function can be explored in a more comprehensive way. Hypothesis 4 was partially supported by the results indicating the following: (i) the relationship between psychosocial stress and global cognition was significant in men but not in women; and (ii) the association between processing speed and global cognition was significant in both men and women. However, comparison of psychosocial status between men and women in this study showed that women scored significantly higher on all psychosocial stress measurements. Older women in rural areas of Peninsular Malaysia tended to experience higher levels of chronic stress than older men, but there was little support for gender differences in coping behaviours. 55 The higher levels of psychosocial stress among older women have been attributed to their socioeconomic status. Older women in developing countries often have lower levels of education, less income, and lower occupational status than their male counterparts. 56 Because of their lower socioeconomic status and the greater likelihood of their being widowed in old age, older women also tend to receive less social support, which consequently increases their stress level in later life. 57 In terms of processing speed, men achieved higher DSST score than women in this study. In contrast, past literature suggested that men had steep rates of decline on measures perceptuomotor speed, but women did not. 58 The conflicting results could be explained by lower educational attainment among older Malaysian women, as cognitive function in old age is highly correlated with educational level. 59 The strengths of this study included the large representative sample using the household-sampling procedure, the high response rate, and the sizeable sample of respondents aged 60 years and older as well as over the age of 80. One important limitation of this study is the cross-sectional design; therefore, statements about causality are not possible for the present study. Although DSST is primarily a measure of information processing speed, it is also a form of working memory measure. As such, the amount of variance explained by processing speed in the results may simply be indicative of the variance that global cognition and the DSST have in common. Future studies should include more neuropsychological tests that are sensitive to processing speed in measuring the processing capacity. Our use of MMSE and MoCA as measures of cognitive performance could not inform whether the four types of To conclude, processing speed partially mediated the relationship between psychosocial stress and global cognition, and the relationship between psychosocial stress and global cognition was significant in men only. The present study highlights the important mediational mechanisms underlying the relationships between psychosocial stress and cognitive function. This research provides powerful evidence that processing speed is important in explaining older adults' higher level cognition and, therefore, further confirms that processing capacity is an important cognitive resource and primitive that helps in performing complex cognitive tasks. Additionally, the significant pathway between psychosocial stress and global cognition in men highlights the importance of psychosocial assessment in older men to prevent cognitive decline.
Results from this study have implications for applied professionals. It is evident that health-care practitioners and gerontologists need to remain sensitive to processing capacity, especially among older adults who are experiencing psychosocial stress, to help them maintain their higher level of cognition. The development of this mediation model indicates a need to develop processing capacity intervention programmes for psychologically distressed older adults to prevent them from suffering cognitive decline in Reference 45.
